Introduction: Studies in laboratory animals and humans indicate that endogenous opioids play an important role in regulating the rewarding value of various drugs, including ethanol (EtOH). Indeed, opioid antagonists are currently a front-line treatment for alcoholism in humans. Although roles for mu-and delta-opioid receptors have been characterized, the contribution of kappa-opioid receptors (KORs) is less clear. There is evidence that changes in KOR system function can decrease or increase EtOH drinking, depending on test conditions. For example, female mice lacking preprodynorphin -the precursor to the endogenous KOR ligand dynorphin -have reduced EtOH intake.
relapse (Anton et al., 1999; Guardia et al., 2002; Heinala et al., 2001; Latt, Jurd, Houseman, & Wutzke, 2002; Oslin, Liberto, O'Brien, Krois, & Norbeck, 1997; Volpicelli, Alterman, Hayashida, & O'Brien, 1992) , craving (Chick et al., 2000; Heinala et al., 2001; Volpicelli et al., 1992) , days of drinking (Monti et al., 2001; O'Malley et al., 1992; Volpicelli et al., 1992) and number of drinks if the patient drank during treatment (Anton et al., 1999; Chick et al., 2000; Monti et al., 2001) . Consistent with these clinical findings, there have also been reports from preclinical studies in laboratory animals that describe naltrexoneinduced decreases in ethanol intake (Froehlich, Harts, Lumeng, & Li, 1987 , 1990 Hubbell et al., 1986; Myers & Lankford, 1996; Parkes & Sinclair, 2000; Phillips, Wenger, & Dorow, 1997; Reid & Hunter, 1984) , ethanol self-administration (Heyser, Roberts, Schulteis, & Koob, 1999; Samson & Doyle, 1985; Sinden, Marfaing-Jallat, & Le Magnen, 1983; Williams, Kane, & Woods, 2001) , and the expression of ethanolinduced conditioned place preference (Bechtholt & Cunningham, 2005; Cunningham, Henderson, & Bormann, 1998; Kuzmin, Sandin, Terenius, & Ogren, 2003; Middaugh & Bandy, 2000) . Nevertheless, naltrexone is not always effective in humans (Gastpar et al., 2002; Kranzler, Modesto-Lowe, & Van Kirk, 2000; Krystal, Cramer, Krol, Kirk, & Rosenheck, 2001 ). The reasons for such variability are not known, but may be related to the fact that naltrexone has non-selective actions as an antagonist at all opioid receptors, and broad blockade of opioid receptors can trigger aversive and/or depressive-like signs (West & Wise, 1988) . Such effects in humans might be expected to affect responsiveness to the medication as well as compliance to the treatment regimen.
It is important to determine whether the putative therapeutic effects of currently used opioid antagonists are attributable to actions on any specific receptor subtype, since selective antagonists are in various stages of development. Both mu-opioid receptor (MOR) and delta-opioid receptor (DOR) antagonists can selectively decrease EtOH consumption (Hyytia & Sinclair, 1993; Krishnan-Sarin, Wand, Li, Portoghese, & Froehlich, 1998) , suggesting that some of the effects of nonselective opioid antagonists may be mediated through these receptor systems. More recent work suggests that kappa-opioid receptor (KOR) systems also influence EtOH intake, although these data include evidence that KOR activation can both increase and decrease EtOH drinking, depending on circumstances under which testing is performed. For example, KOR agonists decrease ethanol intake in rodents (Barson et al., 2010; Lindholm, Werme, Brene, & Franck, 2001; Nestby et al., 1999) and attenuate the function of midbrain (ventral tegmental area [VTA]) dopamine (DA) systems (Doyon, Howard, Shippenberg, & Gonzales, 2006; Lindholm et al., 2001) , which are known to be critical mediators of natural and drug-related rewards (Wise, 2013) . However, KOR antagonists also reduce excessive alcohol consumption (Barson et al., 2010; Walker, Zorrilla, & Koob, 2011) .
Recent conceptualizations reconcile these seemingly disparate findings (i.e., KOR activation implicated in both increased and decreased drinking) by proposing that EtOH upregulates expression of dynorphin, an endogenous KOR ligand (Chavkin, James, & Goldstein, 1982) often associated with states of stress and dysphoria (see Bruchas, Land, & Chavkin, 2010 ; . According to this model (Kissler et al., 2014) , the ability of EtOH to offset (via indirect actions mediated by DA) the aversive effects of elevated dynorphin actions at KORs enhances its ability to serve as a negative reinforcer (Wise & Koob, 2014) Studies of KOR antagonists are impeded by the unusual pharmacodynamics (i.e., slow onset, lack of initial selectivity for KORs, and exceptionally long duration of action) that are common to all the chemicals in this class that are broadly available at this time (Carroll & Carlezon, 2013) . Genetic models have also been used to evaluate the role of KORs in EtOH drinking. Allelic variations in the KOR (Oprk1) and prodynorphin (Pdyn) genes are associated with alcohol dependence (Flory, Pytte, Hurd, Ferrell, & Manuck, 2011; Karpyak et al., 2013; Xuei et al., 2006) , and constitutive KOR knockout mice exhibit a decrease in ethanol preference compared to wild-type mice (Kovacs et al., 2005) . Additionally, female (but not male) mice lacking preprodynorphin, the precursor for dynorphin, show decreases in preference and consumption of EtOH in a two-bottle choice test compared to wild-type littermates (Blednov, Walker, Martinez, & Harris, 2006) . These data suggest that KOR activation can play an especially important role in EtOH drinking behavior in females. We hypothesized that studies of female mice in which KORs had been ablated from DA neurons may provide unique insights on the substrates of EtOH reward. Using a Cre/loxP recombination system to create cell type specific KOR deletion ( , we investigated the role of KORs in the expression of three types of ethanol consumption: (i) General stable EtOH preference and intake (2 bottle choice paradigm), (ii) escalation of drinking (intermittent EtOH access) and (iii) binge drinking (drinking in the dark [DID] paradigm). These procedures differentially provide metrics that reflect EtOH preference and intake patterns.
| METHODS

| Mice
We used mutant mice in which exon 3 of the KOR gene ( been described ( . For the present experi- 
| Two bottle choice paradigm
This is a standard model used to generally quantify EtOH preference and intake in nondependent mice. Singly housed mice were given continuous (24 hr) access to tap water through two sipper tubes for 4 days (acclimation), after which one of the two water bottles was replaced with a bottle containing unsweetened EtOH in increasing concentrations (3%, 6%, and 10%, 15% v/v) available for 4 days each (Bechtholt, Smith, Raber, & Cunningham, 2004) .
To control for side bias, the left/right position of the bottles was reversed every 48 hr. Bottles were also cleaned at this time.
Daily EtOH and water consumption (ml) were used to calculate EtOH intake (g kg −1 ) and preference ratio (EtOH intake/total intake).
| Intermittent EtOH access
This model is used to study "loss of control" (e.g. the transition from moderate to excessive ethanol intake) but does not induce dependence. Intermittent EtOH (15% v/v) availability increases EtOH intake inducing an apparent "escalation" in EtOH intake (Melendez, 2011; Wise, 1973) . Singly housed female mice were given access to tap water through two sipper tubes for 4 days (acclimation), after which one of the two water bottles was replaced with a bottle containing a 15% (v/v) unsweetened EtOH solution.
Mice received access to EtOH every other day (i.e., 24 hr on, 24 hr off) made available 3 hr after the start of the dark phase of the light/dark cycle. To control for side bias, the left/right position of the bottles was reversed every 48 hr, at which time the used bottles were replaced with clean bottles. Daily EtOH and water consumption (ml) were used to calculate a total consumption, EtOH intake (g kg −1 ), and preference ratio (EtOH intake/ total intake).
| "Drinking in the dark" (DID) paradigm
The DID paradigm is a well-validated behavioral model of nondependent excessive or "binge" EtOH intake (Rhodes, Best, Belknap, Finn, & Crabbe, 2005) . Briefly, water bottles were replaced with 5 ml glass cylinders with stainless steel ball bearing sipper tubes attached with rubber septa. These drinking tubes were inserted through the bars of the wire cage tops and firmly attached using medium-sized binder clips. Mice were given 2 hr access to an unsweetened 20% EtOH solution 3 hr into the dark phase of the light/dark cycle. To establish stable EtOH intakes mice were given
EtOH access under these parameters for 5 days (pre-exposure period) before testing. Volumes were recorded over a 4 hr test period. These procedures were modeled after (Kasten & Boehm, 2014) . Fig. 1C inset) . A significant main effect of EtOH concentration was also observed (F (3,48) = 7.15; p < .0001), with no interaction of factors (Fig. 1C) . DAT-KOR lox/lox mice exhibited reduced EtOH intake, but this effect did not reach significance (F (3,48) = 4.22; p = .057; Fig. 1D inset) . A main effect of EtOH concentration (F (3,48) = 46.31; p < .0001), but no interaction of factors, was detected (Fig. 1D ).
| Data analysis
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| Effect of KOR in escalated EtOH drinking in the intermittent access paradigm
Preference ratio was significantly lower in KOR −/− mice compared to littermate controls in the intermittent access paradigm (main effect of Genotype [F (1,13) = 5.70; p < .05; Fig. 2A]) . KOR −/− mice also expressed significantly lower EtOH intake as indicated by a significant main effect of Genotype (F (1,13) = 6.95; p < .05; Fig. 2B ).
Both preference ratio and EtOH intake increased across days (F (6,78) = 4.88; p < .001, F (6,78) = 7.00; p < .0001, respectively) but were not dependent on Genotype ( Fig. 2A and B Fig. 2C and D) .
| Effect of KOR on binge drinking in the DID paradigm
No statistical differences were detected between either KOR mutant line compared to their respective littermate controls in binge EtOH drinking (DID) in either the final 2-hr pretest ( Fig. 3A and C) or the 4-hr test (Fig. 3B and D DAT-KOR lox/lox and KOR lox/lox (F (3,48) = 3.11; p < .05) revealing a significant difference between the 30 and 90 min bin (Fig. 3C ). 
| DISCUSSION
Here, we examined the role of KORs in EtOH drinking in females, The binding of the endogenous ligand dynorphin to KORs can induce aversive or depressive-like states, which can be quantified in rodents using procedures such as intracranial self-stimulation (ICSS; Todtenkopf, Marcus, Portoghese, & Carlezon, 2004 ). This effect is thought to be mediated by decreased DA neurotransmission in the VTA and NAcc (Di Chiara & Imperato, 1988; Koob, 1992) . This inhibition may serve a counter or regulatory role to the actions of endorphin and enkephalin at mu and delta opioid receptors, respectively, which facilitate dopamine release (Devine, Leone, Pocock, & Wise, 1993) and activate processes associated with reward and reinforcement (Wise & Rompre, 1989) . The ability to elevate brain DA function has been implicated in the rewarding effects of a wide variety of abused drugs, including EtOH (see Koob & Weiss, 1992; Wise & Bozarth, 1987) . According to this model, removal of KOR-mediated e00523 (6 of 9) | inhibition through pharmacologic blockade or gene knockout might be expected to facilitate EtOH reward and increase intake, as has been reported after administration of the KOR antagonist norBNI (Mitchell, Liang, & Fields, 2005) . Here, however, we report a significant decrease in intake in mice lacking KORs, an effect consistent with previous findings using similar genetic models, where both EtOH and sucrose intake were reduced in mice lacking preprodynorphin (Blednov et al., 2006) or KORs (Kovacs et al., 2005) . The corresponding decreases in EtOH preference observed here is more suggestive of a decreases in EtOH reward in the absence of KORs.
One possible explanation for our findings is that ablation of KORs could alter sensory functions that contribute to intake. Previous findings in mice lacking KORs or preprodynorphin have yielded similar results and also demonstrated a decrease in intake of sucrose together with increased quinine intake (Kovacs et al., 2005) . These findings led to the speculation that a lack of KOR activation or an associated compensatory response to KOR knockout altered the tastant response or orosensory reward. Indeed, a palatable diet increases hypothalamic dynorphin peptide and mRNA levels (Welch, Kim, Grace, Billington, & Levine, 1996) . In the present work we show decreased EtOH intake in mice lacking KORs specifically in DAT-expressing neurons. Given that palatable tastes stimulate DA release (Ahn & Phillips, 1999) and DA depletion of the VTA inhibits consumption (Martinez-Hernandez, Lanuza, & Martinez-Garcia, 2006; Shimura, Kamada, & Yamamoto, 2002) , we would expect to observe increases in EtOH intake in the conditional knockout because KOR ablation is predicted to increase DA neurotransmission. Because we only examined the effects of KOR deletion in models of ethanol consumption, it is not clear whether these effects are specific to ethanol consumption or would generalize to other reinforcers.
Ablation of KORs may also weaken a negative reinforcement process that can affect the intake of EtOH and other drugs (Markou, Kosten, & Koob, 1998; Wise & Koob, 2014 | e00523 (7 of 9) the ability of EtOH to serve as a negative reinforcer, in that reductions in KOR function would be expected to be accompanied by reductions in aversive states that are mitigated by EtOH intake, there are some potential inconsistencies that remain to be reconciled. Foremost, at least in male rodents, the ability of KOR antagonists to reduce EtOH reward reportedly occurs only in dependent animals (Kissler et al., 2014) . The present data indicate that the effects of KOR deletion on EtOH consumption are observed in the two-bottle choice paradigm, in which intakes are relatively low and animals are nondependent. Additionally, it is important to emphasize that KOR deletion did not reduce
EtOH intake in all paradigms we used. Escalation of EtOH intake in the intermittent EtOH access paradigm was reduced in KOR −/− mice but not DAT-KOR lox/lox mice, whereas KOR deletion had no effect in either genetic model when the mice were tested in the drinking in the dark, (binge drinking) paradigm. It is known that a different combination of genes underlie these different types of ethanol intake (Rosenwasser, Fixaris, Crabbe, Brooks, & Ascheid, 2013) , suggesting disparate mechanisms. Thus it is possible that the mechanisms leading to a decrease in EtOH intake resulting from KOR deletion may not be relevant in a binge drinking paradigm. Also, while KOR antagonism does not reduce ethanol drinking in relatively low-drinking nondependent rats (e.g. Walker et al., 2011) , KOR deletion does appear reduce ethanol drinking in lowdrinking two-bottle choice mice. This apparent discrepancy could be explained by species differences relating to motivation to drink (e.g., taste) or developmental compensation. Additional research beyond the scope of this work may clarify mechanistic differences in each paradigm, and help to resolve the differential responses observed here.
In summary, our findings show that both constitutive and conditional female KOR knockout mice demonstrate decreased ethanol intake and preference, suggesting that KORs can regulate EtOH drinking when intakes are low. We have also shown that both constitutive and DAT-containing neuron-specific ablation of KORs had no effect on excessive EtOH intake as measured by the drinking in the dark paradigm. Our findings contribute to a growing literature regarding the role of KORs in ethanol reward and suggest that the role of KORs is dependent upon the level of EtOH intake.
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